Soft corals are marine invertebrates possessing a vast range of terpenoid metabolites. These terpenes, mainly cembranoids, represent the main chemical defense tools of animal against its natural predators. Cembranoids, which have 14-membered macrolic skeleton, are well known to exhibit a wide range of biological activities including neuroprotective, antimicrobial, Ca-antagonistic, antiinflammatory and antitumor properties.
New Cembranoid Diterpenes from the Vietnamese Soft Coral Sarcophyton mililatensis Stimulate Osteoblastic Differentiation in MC3T3-E1 Cells
C-NMR spectral data of 1 with those of cembranoids (ϩ)-sarcophytoxide, (Ϫ)-7b-hydroxy-8a -methoxydeepoxysarcophine, 4) sarcophytonin C, 6) and further confirmed by the ROESY experiment. The H 3 -18 showed ROESY correlation with H-2 indicating the bposition of H-2, and the trans-configuration of the C-3/C-4 double bond.
4) The ROEs cross peaks between H-3/H-7, H-3/H-6 (d 1.77), and H-6 (d 1.77)/H 3 -21 clearly revealed that H-3, H-6 (d 1.77) and H 3 -21 are located at the a-side of 1.
4)
The configurations of C-3/C-4 and C-11/C-12 double bonds were both defined as trans on the basis of the 13 C chemical shifts of C-18 and C-20 (Ͻ20 ppm). 7) Based on all the above analysis, the structure of 1 was established for the new natural product (Ϫ)-7b-hydroxy-8a-methoxydeepoxysarcophytoxide.
The 1 H-and 13 C-NMR spectral data of 2 are nearly identical to those of 1, except for the absence of the methoxyl group. These data together with the HR-EI-MS (Found m/z: 320.2359; Calcd for C 20 H 32 O 3 : 320.2352) and the 2D NMR (HSQC, COSY, HMBC and ROESY) spectral data of 2, confirmed that the structure of 2 is similar to 1. The stereochemistry of the hydroxyl group at C-8 was clearly identified as borientation by comparison of the NMR spectral data of 1 and 2 with those of both 7a,8b-dihydroxydeepoxysarcophine and 7b,8a-dihydroxydeepoxysarcophine. 8) In the 1 H-NMR spectrum of 2, the chemical shift for the C-19 methyl group is sensitive to the stereochemistry at C-8, and the value of d 1.20 for H 3 -19 is identical with the value of d 1.18 reported for the 8b-hydroxyl isomer (vs. d 1.54 for the 8a-hydroxyl isomer). Further more, the characteristic differences between 8a-and 8b-hydroxyl isomers were also recognized in the 13 C-NMR spectrum, especially at C-8 and C-19, and those values for these carbons at d 75.4 and 24.6 were in good agreement with those of d 75.4 and 24.2 found for the 8b-hydroxyl isomer (vs. d 78.0 and 26.4 for the 8a-hydroxyl isomer).
8) The ROEs cross peaks between H-3/H-7 and H-7/H 3 -19 revealed that H-7 and H 3 -19 are both a-oriented. Thus the structure of 2 was determined to be a new compound (ϩ)-7b,8b-dihydroxydeepoxysarcophytoxide. . On the basis of 13 C chemical shifts of C-18, C-19 and C-20 (Ͻ20 ppm), 7) similar to 1 and 2, the configurations of C-3/C-4, C-7/C-8 and C-11/C-12 double bonds were also all defined as trans. The ROEs cross peak was observed between H 3 -18 and H-2 clearly indicated the b-position of H-2 and H-18, and the trans-configuration of the C-3/C-4 double bond. 4) Thus, the structure of 3 was deduced for the new natural product (Ϫ)-17-hydroxysarcophytonin A.
Compound 4 was also isolated as colorless oil. The molecular formula was determined to be The NMR spectral data of 4 were very similar to those of 15-hydroxycembra-1,3,7,11-tetraene.
5) The easily visible changes were the additional presence of an oxymethylene group (at d 69.3) and the absence of one methyl group in 4 comparing with 15-hydroxycembra-1,3,7,11-tetraene. All the NMR spectral data of 4 were assigned by comparison with those of 15-hydroxycembra-1,3,7,11-tetraene 5) and confirmed by the HSQC, 1 H-1 H COSY and HMBC experiments ( Table 1 ). The additional oxymethylene group was defined to connected to C-16 by the HMBC cross peaks from its protons (d 3.43, 3.63) to C-1 (d 143.0)/C-15 (d 76.4)/C-17 (d 24.6). The stereochemistry of the hydroxyl group at C-15 was identified to be a-orientation by the good agreement of the NMR spectral data of 4 with those of the corresponding part in the related compounds in the series. 10 ) From all the above data, the structure of 4 was established as a new natural product 1E,3E,7E,11E-cembratetraene-15a,16-diol, which was named as sarcophytol V.
Compounds 5 and 6 were identified as (ϩ)-sarcophine 4) and sarcophytoxide, 5) respectively, by comparison of their mass and NMR spectral data with the literature values. These compounds were isolated for the first time from S. mililatensis. Interestingly, sarcophytoxide was isolated at an extremely high proportion from this species.
In the present study, we evaluated the differentiation-inducing activities of compounds 1-6 on MC3T3-E1 cells by assessing for intracellular ALP activity, collagen content, and calcium deposition. The effect of compounds 1-6 on osteoblast differentiation was first assessed by measuring the ALP activity, one of the major osteoblast differentiation markers. As shown in Table 2 , compounds 1-6 significantly increased the ALP activity at concentrations of 0.3 and 3 mM (pϽ0.05). Since these compounds significantly increased ALP activity in osteoblastic MC3T3-E1 cells, we further in- No. vestigated the effect of compounds on collagen synthesis using Sirius Red-based colorimetric assay. As the results, compounds 1-6 increased collagen synthesis significantly. Next, we examined the effects of compounds 1-6 on mineralization, another important process in differentiation, by measuring the calcium deposition by Alizarin Red staining. Compound 1 showed significant stimulatory effect on mineralization. 17b-Estradiol used as positive control significantly increased ALP activity, collagen content, and mineralization at 0.01 mM. In bone formation, osteoblasts are key cell in bone matrix formation and calcification. Osteogenesis starts with osteoblasts producing and secreting type I collagen, which makes about 90% of the organic bone matrix, or the osteoid. Osteoblasts also become high in alkaline phosphatase, a phosphate-splitting enzyme. Alkaline phosphatase is released into the osteoid to initiate the deposit of minerals. After mineralization, the complete bone becomes hard and rigid with necessary mechanical properties to withstand the external forces to support the body and protect the internal organs.
11) Our study demonstrates that compound 1 can increase ALP activity, collagen synthesis and calcium deposition in osteoblastic MC3T3-E1 cells in vitro. These studies suggest that compound 1 may be able to stimulate osteoblastic bone formation and play an important role in bone remodeling.
Experimental
General Optical rotations were determined on a JASCO DIP-1000 KUY polarimeter. All NMR spectra Extraction and Isolation Fresh frozen samples of the soft coral (20 kg) were well grinded and extracted with hot MeOH three times (50°C for 3 h each time) and then concentrated under reduced pressure to give MeOH extract (200 g). This extract was suspended in water and partitioned in turn with chloroform and n-buthanol. The chloroform extract (150 g) was dissolved in methanol and extracted with n-hexane to give n-hexane (100 g) and methanol (50 g) soluble extracts. The former was crudely separated on normal-phase silica gel column (Fϭ10 cm, Lϭ50 cm) gradient concentration of acetone in n-hexane from 0 to 100% to give 9 sub-fractions (H1-H9). The sub-fraction H-2 (70 g) was separated on reversed phase silica gel column (Fϭ6 cm, Lϭ50 cm) eluted with MeOH/H 2 O (4 : 1) to give 5 (0.5 g) and 6 (50 g) as colorless oil. Normal-phase silica gel column chromatography (Fϭ2.5 cm, Lϭ40 cm, eluted with n-hexane-acetone, 7 : 1) of the sub-fraction H-5 (5 g) yielded 10 smaller fractions (H-5A to H-5J). Compounds 3 (15 mg) and 4 (20 mg) as colorless oil were obtained from the fraction H-5C (200 mg) by using normal-phase silica gel column chromatography (Fϭ1 cm, Lϭ20 cm, eluted with n-hexane-chloroform-MeOH, 10 : 1 : 0.5). Finally, reversed phase silica gel column chromatography (Fϭ5 cm, Lϭ50 cm, eluted with MeOH-H 2 O, 4 : 1) of the fraction H-5F (150 mg) gave 1 (40 mg) and 2 (9 mg) as colorless oil.
(Ϫ)-7b-Hydroxy-8a-methoxydeepoxysarcophytoxide (1) 
